Objectives: Simulate the transmission process of COVID-19 in a cruise ship, and then to judge how many infections there will be in the 3711 people in the "Diamond Princess" and analyze measures that could have prevented mass transmission.
Referring to the theory in Ref. (Zhang et al., 2011) , the present models of infectious disease transmission can be divided into three categories according to the, which are single group model (treat the population as a whole), the composite group model (divide population into child groups according to the spatial heterogeneity) and individual models (consider attributes and behaviors of individuals). The SIR model (Kermack and McKendrick, 1991) proposed in 1927 is a classical single group model, in which the population was treated as a whole and partial differential equations was adopted to describe the relationship between healthy population, infected population, recovering population and dead population. Besides, the concept of average contact number was introduced and they pointed out that the average contact number was the key factor affecting the spread of infectious diseases. Another single group model proposed by Hoppensteadt et al. (1975) considered the effect of age heterogeneity on the transmission. Random factors were then introduced by some studies (Black and McKane, 2010; Nåsell, 2002) , and these models were more effective than deterministic models in exploring the characteristics of the early stage of a infectious diseases and the recurring infectious disease. Composite group models divide the population into different subgroups according to clearly defined social units. With the hypothesis, this kind of models are able to investigate the transmission of infectious diseases caused by personnel movement in different areas with the help of the graph theory. Cross et al. (2007) established a 1111 grid model. A SIR model was adopted in the each grid. Another composite group model was proposed by Colizza and Vespignani (2008) to obtain threshold conditions for epidemic infection, in which a SIR model was used to describe flows within subgroups, and a network was used to describe links between subgroups. Watts et al. (2005) treated the population as a hierarchical structure and established a composite group model to discuss the impact of hierarchy on the transmission.
In individual models, however, the basic modeling unit is individual rather than a group of people. Personal attributes and behavior rules are assigned to each individual, and then contact network will be established between individuals. Kleczkowsi et al. (1999) introduced the cellular automata to the simulation of the epidemic process of infectious diseases, and discussed the impact of personnel flow and medical treatment on epidemic transmission. Based on the survey data of personal contact in large cities, Eubank et al. (Eubank et al., 2004) developed EpiSimS. With the software they studied the spread and control of smallpox in cities. Milne et al. (2008) established a virtual network model based on the population, household characteristics and location information of an Australian town. The model described the contact and infection process of personnel, and studied the intervention effect of prevention and control measures on influenza.
In this paper, we simulate, discuss and predict the viral transmission process on the "Diamond Princess" based on a crowd flow model, with which behaviors, contacts and infections of people can be described at individual level. So straightly speaking, it belongs to the individual model introduced above. In Section 2 we introduce the foundational assumptions and rules of the model, and then the results of the simulation are discussed in Section 4. At last, the summary is presented in Section 4.
Model

The simulation of crowd flow
The method to simulate the flow process of the people on the cruise ship is as follows:
 Several action forms for pedestrians are defined, including going to the restaurant for meals (three meals a day), going to the leisure area (irregularly), and returning to the room to rest (irregularly during the day, at night).
 Each pedestrian is given a series of "time -action form", for example, "7:05going to the restaurant", "9:23 -going to the leisure area", … , "21:40 -returning to the room".
 When a certain time in the "time -action form" is reached, the corresponding action form will be implemented, take the pedestrian with "7:05 -going to the restaurant" as an example, he will start to move towards a restaurant at the 7:05.
 The pedestrians' movement rules during each action form are derived from the movement rules of the discrete evacuation model (Fang et al., 2010) . The difference is that the destination of pedestrians in the evacuation model is the exit, yet the destination here is the restaurant, leisure area, room, etc.
The virus transmission model based on the simulation of crowd flow
Based on the crowd flow model, the virus transmission rule between pedestrians is established, to simulate the spread of the virus caused by the close contact during pedestrians' daily activities in the cruise ship. The virus transmission model is defined as follows:
 First, is used to represent the viral propagation distance, − is the probability of virus infection of each pedestrian.
 When the distance between the virus carrier and surrounding pedestrians is less than , the probability of virus infection of each surrounding pedestrian − is determined by equation (1).
Where, , are the effectiveness of protective measures adopted by the virus carrier and each surrounding pedestrian respectively.
− is the probability of virus infection of the virus carrier. ( ) is a function of the number of days of the virus incubation ( ) of the virus carrier. We assumed that during the virus incubation period ( ), the virus transmission efficiency increases linearly, as shown in equation (2).
(∆ ) is a function of the contact time with virus carriers (∆ ). We assumed that the virus transmission efficiency increases linearly as ∆ increases, as shown in equation (3).
Where, is a confirm time within which close contact will definitely cause the virus to spread.
 There could be multiple original virus carriers in the model, whose − are 1.
 Considering that some people may be immune to the virus, a maximum value of 50% is assumed for the − of the original normal pedestrians, which means that 50 percent of people are immune to the virus.
 Referring to the characteristics of COVID-19, is assumed as 1m, in equation (2) is assumed as 7, and in equation (3) is assumed as 2 minutes.
 represents the total number of pedestrians in the ship. Each pedestrian may or may not use personal protective measure, and then the protection ratio is defined which means that • pedestrians adopt personal protective measure. Moreover, we assumed that the effect of personal protective measure is equivalent to the KN90 mask, thus in equation (1) is 0.9 if pedestrian adopt personal protective measure, and 0 if not.
 represents the sailing days of the ship, which is also the number of days simulated in the model. When the simulation is finished, the final virus infection ratio in all pedestrians ( − ) is calculated by equation (4).
3 Simulation Results
Object of the simulation
"Diamond Princess" is the top luxury cruise, which has 18 decks in total. Due to the unknown information of structure of cruise, it is difficult to simulate the COVID-19 infected situation on "Diamond Princess" cruise or on the similar cruise. Through careful investigation, it is found that the structure drawing of cruise ship (shown in Fig.1 ) that is named "President VI" of Vista Cruise is public on the Internet. For simplicity, the virus transmission model was established by using the structure graphing of "President VI", then the final virus infection ratio (Rcrowd-vir) of "President VI" could be obtained and used as an analogy to analyze the infected situation of "Diamond Princess". 
Basic Scenarios
It is necessary to review the voyage of "Diamond Princess" cruise and key points of COVID-19 outbreaks before simulating.
Jan. 20: "Diamond Princess" cruise departed from Yokohama, Japan.
Jan. 23: The government took some measures to limit the inflow and outflow of people in Wuhan.
Jan. 25: An 80 years old passenger disembarked from "Diamond Princess" cruise in Hong Kong, China. Then he had a fever.
Feb. 1: It is confirmed that the passenger who disembarked in Hong Kong has been infected with COVID-19.
Feb. 3: "Diamond Princess" cruise returned to Yokohama, Japan.
According to the actual voyage of "Diamond Princess" cruise, the Basic scenarios of the virus transmission model can be described as that the virus transmission on the cruise ship during the voyage when there is a virus carrier. The key parameters of basic scenarios can be set up as follows:
1) Due to the actual voyage of "Diamond Princess" cruise, the days of virus transmission ( ) are set as 13 days in the model.
2) Adjust the protection ratio (percentage of persons who take individual protective measures) named Pprotect. As a result, the infected situations of crowd with different values of Pprotect can be calculated.
3) Every scenario with one Pprotect is calculated for once. Fig.3 shows the infection percentage of the crowd on the cruise with different values of Pprotect during the whole voyage. It can be illustrated that the virus infection pratio (Rcrowd-vir) would arrive at its peak (~50%) without taking any protective measures.
That is to say, because of the difference of individual immunity, the persons with weak resistance are all infected. Moreover, it can be seen that the virus infection ratio 
Self-protection Scenarios
Obviously, "Diamond Princess" cruise was not under the completely protective condition when the COVID-19 outbreaks. However, if "Diamond Princess" cruise don't take any protective measures, the virus infection ratio will be comparatively terrible.
Will more cases be confirmed later?
Through careful investigation of some reports or news on the Internet, it can be found that some passengers have prepared some masks before boarding the cruise ship.
Furthermore, people started to take some measures to strengthen self-protection gradually when they received the news that measures have been taken to limit inflow and outflow of people in Wuhan city on January 23, 2020. Therefore, the Selfprotection scenarios are designed to simulate the process of virus infection under the strengthened self-protection condition. It should be a gradual process, that is, the Pprotect should increase day by day with the accumulation of epidemic information and the implementation of self-protection measures among the passengers and crew. The Selfprotection scenarios are different from the Basic scenarios. For example:
1) The initial value of Pprotect is 10%;
2) The Self-protection scenarios with different Pprotect are described in Table. 1. Pprotect increases by 10% per day from January 24, 2020 until it equals to a high threshold. As shown in Table. 1, six thresholds are employed in this model, which are 50%, 60%, 70%, 80%, 90%, 100% respectively. It should be emphasized that Pprotect doesn't increase any more when it equals to the threshold that set up in the scenarios.
3) The original virus carrier and the pedestrian who live in the same cabin disembark from the cruise ship on January 25, 2020 in this model. In other words, the values of Rper-vir of these pedestrians are reset as 0 from January 26, 2020. 4) Every Self-protection scenario that described in Table. 1 is calculated 5 times. Fig.4 shows mean infection percentage curves of Self-protection scenarios. It can be demonstrated that the virus infection ratio (Rcrowd-vir) would decrease effectively by improving the self-protection level spontaneously. It would be considered that the threshold of protection ratio (Pprotect) of "Diamond Princess" cruise is between 60% and 80% even though it is impossible to obtain the data that described self-protection measures taken by people on the cruise. Thus, based on the infected situation of Selfprotection scenarios on "Diamond Princess" cruise shown in Table. 2, it can be concluded that the number of persons who are infected with COVID-19 will be between 
Control scenarios
Control scenarios are set to simulate the condition that the managers of the cruise ship had begun to take recommended or mandatory measures to enhance protective level of people against the novel coronavirus since January 24. The mandatory measures should be work immediately. That's to say, the Pprotect would change to a certain high value immediately and keep it the same in the next few days with the mandatory measures are carried out. The differences between Control scenarios and Basic scenarios are:
2) The Control scenarios with different Pprotect are described in Table. 3. Pprotect equals to a certain high value since January 24, 2020. As shown in Table. 3, six different values are adopted in this model, which are 50%, 60%, 70%, 80%, 90%, 100% respectively.
3) The original virus carrier and the pedestrian who live in the same cabin disembark from the cruise ship on January 25, 2020 in this model. In other words, the values of Rper-vir of these pedestrians are reset as 0 from January 26, 2020. 4) Every Control scenario that described in Table. 3 is calculated 5 times. 
Summary
A virus transmission model based on the simulation of crowd flow was presented in this study, to simulate the transmission process of COVID-19 in a cruise ship, and then to judge how many infections there will be in the 3711 people on the "Diamond Princess" and analyze measures that could have prevented mass transmission.
In this article, three different types of scenarios of "Diamond Princess" cruise were designed to simulate the process of COVID-19 infection:
1) Basic scenarios simulated the virus transmission process among the crowd in the cruise ship with different protective ratios (Pprotect). The results showed that if the individual protective measures were not taken in the confined cruise ship, the number of persons who would be infected with COVID-19 depends on the individual immunity during the 13-days voyage. That is, the persons with weak resistance are all infected.
2) Self-protection scenarios were designed to calculate the process of virus infection under the strengthened self-protection condition. The simulated situation would comparatively accord with the actual situation of "Diamond princess" cruise.
According to the results obtained in the self-protection scenarios, the final number of persons who would be infected with COVID-19 will be between 850 and 1009 persons.
The actual number of persons diagnosed as virus-infected persons is less than the lower limit (850 persons) at present. However, it still should be emphasized that the patients on "Diamond Princess" cruise were mainly infected with COVID-19 during the voyage if the final infected number is close to the upper limit (1009 persons).
3) Control scenarios are set to simulate the effect of taking recommended or mandatory measures on virus transmission. It can be found that the final infected number would be controlled effectively if the recommended or mandatory measures can be taken immediately during the alert phase of COVID-19 outbreaks. Additionally, by comparing with the actual infected number, it can be indicated that the manager of the cruise ship didn't take appropriate mandatory measures.
